A B S T R A C T We studied the action of a glucocorticoid (GC, dexamethasone) and 1,25-dihydroxyvitamin D3 [1,25(OH)2D3] on transepithelial calcium (Ca) transport in rat distal colon. GC 1.2 mg or 1,25(OH)2D3 270 ng were given daily for 4 d and Ca fluxes were measured in vitro in the absence of electrochemical gradients (Ussing technique). Results: (a) Both 1,25(OH)2D3 and GC increased Ca absorptive flux from 24±3 (SEM) to 50±1 and from 23±1 to 38±4 nmol/cm2 per h, respectively (in each case n = 9, P < 0.01); both steroid hormones had no effect on Ca secretory flux. (b) GC, but not 1,25(OH)2D3 increased the short-circuit current (Isc) from 30±5; to 111±13 MA/cm2 (P < 0.01), reflecting stimulation of electrogenic sodium (Na) transport. Choline replacement of Na in the bathing buffer abolished both the Isc and the active Ca transport induced by GC, but has no effect on the 1,25(OH)2D3-stimulated active Ca absorption. (c) When the buffer Ca concentration ([Ca]) on both sides of the epithelium was reduced from 1.25 to 1.25 X 10-2 mM, the GC-induced, but not the 1,25(OH)2D3-induced, stimulation in Ca absorption was abolished. This suggests that the GC-stimulated Ca absorption may require a "threshold" Ca gradient across the luminal membrane through which Ca influx occurs. Thus, contrary to the current consensus, this study demonstrates that GC stimulates active Ca transport and that this action is mediated through a mechanism dependent on the presence of Na and a critical [Ca] in the ambient medium.
INTRODUCTION
Previous studies have demonstrated that calcium (Ca) transport in various segments of intestine responds to 1,25-dihydroxyvitamin D3 [1, 25(OH) 2D3]' stimulation differently (1) (2) (3) (4) . Thus, while the duodenum and proximal colon respond to physiological or near-physiological quantities of 1,25(OH)2D3, the Ca absorptive mechanism in jejunum and ileum is only stimulated by supraphysiological doses of this hormone (2) . Furthermore, while 1,25(OH)2D3 causes parallel stimulation of both Ca and inorganic phosphate (P) in all small intestinal segments (1) , in proximal colon the stimulation of Ca transport is not associated with simultaneous stimulation in P transport (3) .
The question whether glucocorticoids have similar action on Ca transport in both small and large intestine has not been answered. Because a number of studies have reported a suppressive effect of glucocorticoids on duodenal Ca absorption (5) (6) (7) (8) (9) , in this study we examined the effect of a glucocorticoid (dexamethasone) on colonic Ca transport. Rather unexpectedly, we found that this hormone stimulated Ca absorption in rat distal colon, further stressing the segmental differences in intestinal Ca transport processes.
METHODS
Male Holtzman rats weighing 250-300 g were housed in individual cages and weighed daily. They were fed Purina rat chow (Ca = 1.2%, P = 0.8%, Ralston Purina Co., St. Louis, MO) and given water ad lib. Two (10) . Tissue conductance (Gt) was monitored at 15-min intervals by recording the current required for the voltage clamp to produce an increase in PD of 10 parisons of independent variables within treatment groups was made using one-way analysis of variance. When the analysis of variance indicated a difference between means, Dunnett's format for multiple t test comparisons was used to obtain probability estimates (11) .
RESULTS
The electrical parameters of the colonic epithelium from dexamethasone- or with or without sodium. It is clear that the substitution of sodium by choline resulted in a dramatic reduction in Gt and Isc in both treatment groups. Table I further demonstrates that while the absence of Na in the ambient medium completely abolished the dexamethasone-stimulated Ca absorption, it had no effect on the 1,25(OH)2D3-stimulated Ca absorption. Fig. 5 (21) , rats (20) , and dogs (22) , although in our study dexamethasone did not alter colonic Ca secretion. The data of Ferretti et al. (21) may explain, at least in part, the divergent findings on the effect of glucocorticoids on intestinal Ca absorption.
Another possible explanation for the differences in the reported effect of glucocorticoids on Ca absorption is that this group of hormones may influence different intestinal segments differently. Favus et al. (8) , using 1.25X10-1 1.25X10-2 FIGURE 5 Jnet of calcium across distal colon from dexamethasone-treated (light columns) and 1,25(OH)2D3-treated (dark columns) rats. Measurements were made in buffers with three different calcium concentrations. (5) (6) (7) (8) (9) while in the more distal small bowel Ca transport was either not altered (6, 9) or stimulated (7). In glucocorticoid-treated man the absorption of orally administered radioactive Ca was slower than in untreated subjects in the first hour, similar at around the second hour, and thereafter the absorption was better in the treated than the untreated subjects (16, 25) . These findings are consistent with the interpretation that glucocorticoid may cause a proximal inhibitory effect and a distal stimulatory effect on Ca absorption. Glucocorticoids are known stimulators of active Na absorption, probably through increasing the luminal (brush border) membrane permeability to Na (27, 28) . This induced electrogenic Na transport is reflected by an increase in transepithelial Isc, which is characteristically inhibited by amiloride (Fig. 1) . It is possible that in addition to Na, glucocorticoids may also increase the apical border permeability to Ca, and thus mimic the action of 1,25(0H)2D3 (29) . The observation that the dexamethasone-stimulated transmural Ca transport required a finite Ca gradient across the cell membrane (Fig. 5) is compatible with such a hypothesis. The mechanism of Ca transport stimulation by glucocorticoids and 1,25(OH)2D3 is probably different quantitatively and/or qualitatively since the Ca stimulatory action of the latter was not as critically dependent on the transcellular Ca gradient. A further difference between these two hormones on Ca transport is that the glucocorticoid action on Ca is only expressed in the presence of extracellular Na while the 1,25(OH)2D3 action on Ca is manifested even in the absence of extracellular Na (Table I ). The absence of any observable effect of dexamethasone on unidirectional [3H]PEG fluxes suggests (but does not completely exclude the possibility) that the effect of this hormone on Ca fluxes is not mediated through changes in fluid fluxes across the paracellular pathway. Parenthetically, these data also suggest that the glucocorticoid-induced augmentation in Na, as reflected by the increase in Isc, and water fluxes probably occur through the transcellular route. Finally, it should be stressed that these findings are based on in vitro studies in rat distal colon. Whether dexamethasone has similar effects in man is not known.
